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Project Description:

Major Findings: The formation of synapses between clonal cells of neural ori-
gin, such as NBrlOA or NG108-15 hybrid cells, and rat striated muscle cells
was found to be regulated. Exposure of hybrid cells for 3-7 days to PGE,,
which results in activation of adenylate cyclase, or exposure to various cyclic
nucleotide phosphodiesterase inhibitors,markedly increases the number of syn-
apses formed. The effects of putative neurotransmitters or hormones on intra-
cellular cyclic AMP or cyclic GMP levels, voltage-sensitive ca?* channel activ-
ity, and acetylcholine secretion were determined. Receptor-mediated increases
in intracelluigr czclic AMP or cyclic GMP levels had no immediate effect on
~dependent uptake by cells or on acetylcholine secretion from cells.
However, prolonged exposure of hybrid cells to PGE; results both in an increase
in cellular cycli& AMP and the gradual acquisition by cells of functional vole~
age-sensitive Ca channels. Concomitantly cells acquire the ability to sec-
rete acetylcholine in response to‘-a depolarizing stimulus and can then form
functional synapses with muscle cells.

D600 inhibits 45ca’t uptake dependent on 80 mM Kt (ICgq = 2 x lO -7 M), but
has little or no effect on #5ca2t uptake in the Eresence 02 5 mM 45Ca2
uptake also is inhibited to 10 mM La3*, Co?*, Nil+, Mn2*, sr2+, or Ba2+, but
not by 10 uM tetrodotoxin, 20 mM tetraethylammonium, or 1 mM 3,4-diaminopyrid-
ine.

Other cell lines were found that synthesize acetylcholine but do not form
synapses with striated muscle cells. Various types of synapse defects were
detected; including defects in voltage~sensitive 45ca2* channels, vesicles,
and an additional unidentified reaction that is required for acetylcholine
secretion. These results show that cell lines with or without defects in syn-
apse formation can be generated and that voltage-sensitive Ca2t channel activ-
ity can be regulated by a receptor-mediated reaction which is coupled to activ-
ation of adenylate cyclase, or by inhibition of cyclic nucleotide phosphodies~-
terase. Voltage-sensitive Ca + channel activity increases slowly over a period
of days and this reaction is required for stimulus-dependent secretion of
transmitter and the formation of functional synapses.

To identify molecules required for synaptogenesis or communication across
the synapse, hybrid cell lines which synthesize mono-specific antibodies were
obtained by fusion of clonal myeloma cells with spleen cells immunized against
cells from the nervous system. Some of the hybridoma cell lines that were ob-
tained synthesize mono-specific antibodies of high titre directed against mem-
brane antigens found on some cells from the nervous system that were not detec-
ted with cells from other tissues. One of these cell lines, A2B5, synthesizes
antibody directed against an antigen that was shown by indirect immunofluores-
cence to be associated with plasma membranes of most, or all, neuron cell bodies
in chick retina; however, the antigen was not detected on axons or dendrites of
neurons, on retina Miiller cells, or pigment cells, or on cells from non-neural
tissues.

Antigen A2B5 activity is relatively stable at 100°C, is insensitive to tryp-
sin, exhibits the solubility properties of a ganglioside, and is destroyed by
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neuraminidase. Antibody A2B5 cytotoxicity against retina cells is inhibited
by a tetrasialo GQ ganglioside fraction from bovine brain (estimated half-max-~
imal inhibition, 6.2 uM), or N-acetylneuraminic acid (half-maximal inhibitionm,
5,000 uM), but not by other purified gangliosides tested. These results sug-
gest that the antigen is a GQ ganglioside in plasma membranes of retina neuron
cell bodies but not membranes of axons or dendrites.

A solid-phase 125I—Protein A radioassay for anti-cell surface antibodies
was devised which employs target cell monolayers cultured on fenestrated poly-
vinyl chloride 96-well plates ('transfer plates"). The calibrated aperture in
the bottom of each well is small enough to retain fluid contents by surface
tension during monolayer growth, but also permits fluid to enter the wells when
transfer plates are lowered in receptacles containing washing buffer or test
sera. To assay for antibodies directed against target cell surface antigens,
transfer plates bearing monolayers are inserted into microculture plates with
corresponding 96-well geometry, thereby simultaneously sampling 96 wells. This
assay allows rapid screening of hundreds of hybrid cell colonies for production
of antibodies with desired specificity.

Methyltransferases can be inhibited by S-adenosyl homocysteine or by ana- .
logs which either increase S-adenosyl homocysteine levels or inhibit methyl- -
transferases directly such as 3-deazaadenosine(DZA), adenosine-2',3'-déazido-
5'-carboxamide (744-99), 5'-deoxy-5'-isobutylthioadenosine(SIBA), and 5'-deoxy-
5'-isobutylthio-3-deazaadenosine(DZ-SIBA). In collaboration with P. Chiang and
G. Cantoni the effects of these and other compounds on synapses between disso-
ciated chick embryo retina neurons and cultured rat striated muscle cells were
investigated to determine whether inhibition of transmethylation affects synapse
formation, acetylcholine release, or muscle responses to acetylcholine mediated
by nicotinic acetylcholine receptors. The frequency of spontaneous synaptic
responses of muscle cells was markedly reduced by these compounds; half-maximal
inhibition was obtained with 1.5 x 10°® M DZ-SIBA, 1.5 x 10~ M DZA, 3 x 1070 M
SIBA, or 1 x 107" M 744-99., DZ-SIBA reduced the frequency of muscle synaptic
responses by 50 percent in 3.5 minutes via a reaction which exhibits first-or-
der kinetics. Homocysteine thiolactone, 5-deoxy-adenosine, or tubercidin,
which do not increase levels of S-adenosine homocysteine or inhibit methyltrans-
ferase activity, do not affect the frequency of spontaneous synaptic responses
of muscle cells. However, homocysteine thiolactone potentiates the inhibition
of muscle synaptic responses by DZA by 6-fold. These results suggest that a
transmethylation reaction may be required for acetylcholine secretion or ves-
icle cyeling in synaptic terminals of neurons.

Significance to Biomedical Research: Cultured cell systems have been established
and used as model systems for bichemical and electrophysiological studies on
synapses. A reaction was found that regulates synapse plasticity.

Proposed Course: Current studies focus on determining the reactions which are
required for synapse formation and termination and factors regulating these
reactions.
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